pants at this meeting. We are grateful for the privilege of meeting at this University, with its scenic beauty, its noble traditions of academic excellence, and its provision of housing and nourishment at prices that do not promptly exsanguinate our purses. On behalf of all participants from Japan, from the United States, and from other countries, I say, "Thank you, Canada, and thank you, good Canadian friends."
The papers presented here at this meeting reflect the versatility and the comprehensive and demanding nature of histochemistry. It is a difficult discipline, full of opportunities for great achievement and for error. Histochemistry utilizes knowledge of anatomy combined with understanding of other disciplines, such as organic and physical chemistry, biochemistry, immunology, physiology, optics, electronics, information theory, polymer chemistry, catalysis, enzymology, diffraction theory, embryology, genetics, cell biology, and many others. Yet, for all that, I regard histochemistry and cytochemistry, as well as cell biology, as subdisciplines of anatomy.
"Anatomy" and "analysis" have almost identical meanings. One means to cut apart-the other to loosen apart-the constituent components so one can understand their roles in the properties of the whole. I look upon anatomy as a braided rope with three strands: the strand of life, the strand of structure, and the strand of understanding (Figure 1 ). Understanding the structure of living things is the aim of anatomy.
I am not the first to view anatomy in this way. Henle, in writing his Allgemeine Anatomie, published in 1841, did his best to describe and understand the molecular components of cells and tissues: the proteins, sugars, lipids, and other chemical constituents of the body, and to describe their distribution and localization with reference to cells-doing this only two or three years after Schleiden and Schwann promulgated the cell theory. Henle's point of view is that of histochemistry, or of cell biology, but perhaps more widely ranging.
Eleven years later, in 1852, Kolliker published his Handbuch der Gewebelehre des Menschen. This is the ancestor and forerunner of the comprehensive modern textbooks of histology, such as those by Bloom and Fawcett, Weiss and Greep, or Ham. The concept of Kolliker's Gewebelehre is not different from the more modern successors. Microscopic anatomy aims towards the comprehension of microscopic forms and a thorough understanding of the laws of their structure and formation...
... When the morphological elements have been recognized completely, the next goal is to discover the laws by which they arise, by which they develop and by which they finally arrive at their lasting form. In this, one is forced to fix one's attention also on their composition and their function... ... Should it ever be possible to discover the molecules which comprise cell membranes, muscle fibers, axons of nerves and so forth, and to discover the laws of their arrangement and the changes which they undergo in the formation, growth and function of that which at present we call "elementary parts," then will begin a new era for histology and the discoverer of the laws of cell genesis or of a molecular theory will be as much or more celebrated than the originator of the doctrine that all animal tissues are composed of cells.
Thus did Kolliker set forth the challenge to histochemistry, and thus did he foretell its glorious future.
It is difficult for young persons studying to enter a field of science such as histochemistry to view their prospects with sound perspective. I am reminded of a story about a great seventeenth century Japanese poet, Basho by name. This wise and intelligent man was a sort of Mozart of the haiku-a seventeen-syllable style of poem that has a role in classical Japanese poetry somewhat like that of the sonnet in English poetry. One day in his later years, the great master was setting forth on foot on a long journey to visit some of the more remote parts of his country. A few of his young associates, his students or apprentices, were gathered to wish him farewell. As he paused before the brush gate in front of his modest home, one of his young aspirants addressed him somewhat as follows: "Sensei (which means teacher, doctor, rabbi, guru, maestro, master), what should we do to become great poets?" The elderly gentleman answered, as he opened the gate to set forth (and I translate from his original Japanese), "Do not imitate the great masters of old; seek to achieve their goals." The goal of a scientific discipline is understanding. Understanding means correlation with other fields of knowledge and synthesis into a cohesive whole.
In the early days of the Histochemical Society there were some aspirants whose enthusiasm exceeded their understanding. In their eagerness to exploit the possibilities offered by the field, they did not perceive the importance of a thorough grounding in underlying disciplines such as chemistry and optics. Some of the papers presented at the first few meetings of this Society reflected the tenuous backgrounds of the speakers, many of whom were unaware of the weaknesses of their methods and conclusions. Dr. David Glick, who is here at this meeting and who has served twice as President of the Histochemical Society, rendered tremendous service in those earlier days by his discussions of the presentations of others. Working from a more rigorous and diverse background than was possessed then by many members of the Society, Professor Glick became the "Conscience" of the Histochemical Society. His kindly but forthright and relentless criticism of the faulty and his warm and knowledgeable praise of the sound did much to improve the quality of the work of Society members. Scientific truth is forged in the fire of controversy, on the anvil of discussion, and under the hammer of criticism. Thank you, Professor Glick, for your courageous and effective purifying role.
I wish to turn again to the opportunities and challenges facing young persons considering a career in histochemistry. Their situation is perhaps well-summarized by Francis Bacon, who, in 1625, in his Essay, "Of Innovations" wrote, "We make a stand upon the ancient way, and then look about us, and discover what is the straight and right way, and so to walk in it." This may be a paraphrase of Jeremiah 6:16, which, in the King James version of the Bible, reads as follows, " ... Stand ye in the ways, and see, and ask for the old paths, where is the good way, and walk therein, and ye shall find rest for your souls."
The straight way, the right way, the good way, and also the ancient way to success in histochemistry has in its foundations three precious ingredients. One is innovation, originality. The second is a broad, interdisciplinary base. The third is the strong cement of understanding, of comprehension.
What does a look back on this ancient histochemical way teach us? In serving as your guide, permit me to change my analogy from a path on which one walks to a waterway that one navigates. The earliest recognizable efforts in histochemistry depended on the confluence of three streams originating from many fountains. The first is the recognition and classification of the various tissues of the body by Bichat, whose Anatomie Generale of 1801 laid the foundation of histology. The second spring, whose stream quickly merged with the first, was the recognition by Schleiden and Schwann in 1838 and 1839 that all living things are composed of cells or cell products. The third was the mighty stream of developing chemistry arising from many springs. One must mention Priestley, Franklin, Lavoisier, Davy, Dalton, Wohler, Berzelius, Fischer, Liebig, Pasteur, Kopp, and Mendeleev as important contributors to the chemical stream. The streams issuing from the springs of histology and cytology merged almost immediately to form the current of microscopic anatomy, then often called general anatomy, or histology as it is conceived of today. The writings of Henle, Kolliker, Todd, Bowman, and Virchow reflected this confluence by 1855. The enriching of this current with waters from the chemical river came gradually, with small confluent rills apparent in the early works of Henle and Kolliker. The histochemical stream gathered strength as Kuhne sought to relate chemical composition to cell and tissue structure and function. In an effort to find the biochemical basis for contraction and for the birefringent bands of striated muscle, he discovered and named myosin in 1858. In 1868 Kuhne published his remarkable Lehrbuch der physiologishen Chemie, in which his presentation of biochemistry is histochemical in viewpoint. Kuhne was not only one of the leading biochemists of his day-he introduced the word enzyme into our vocabulary-but was an accomplished microscopic anatomist, studying motor nerve endings and the structure of muscle, nerve, and plant cells. His 1864 monograph, Untersuchungen fiber das Protoplasma and die Contractilitdt is an interdisciplinary masterpiece of cell biology and functional histo-and cytochemistry. Kuhne was a pupil of the great physiologist, Du BoisReymond. Thus he combined in one mind a thorough grounding in physiology, in anatomy, and in biochemistry, together with deep insights and great originality. I know of no more inspiring role model for a young histochemist today. I urge you to read his little book on contractility.
Lison, in his 1936 Histochemie Animale, tells us that the term histochemistry was used in 1871 by Frey. Lison says that Frey characterized histochemistry as "cette partie de la science qui s'occupe de Ia constitution chimique des elements et des tissus, des substances qui les composent, de leur mode de penetration, de leur origine, de leur valeur dans les fonctions des elements et des tissus, de leur transformation, de leur substitution, de leur elimination, etc." I have ascertained that Frey used the word Histochemie at least as early as 1867, in the title of the second edition of his book. Hence the term histochemistry appears to be a few years older than its companion, cell biology, which was used by Carnoy for his laboratory in Louvain in 1876. Thus the merging of the chemical, histological, and cytological currents had produced a productive, swiftly moving stream evident more than a century ago.
Before the end of the 1880s, two of the important histochemical methods in common use today had their momentous beginnings. Cell fractionation was used by Miescher in 1869.
He isolated nuclei from leukocytes in pus, and in these nuclei discovered nucleic acids. The use of complementary chemical binding reactions for recognition and localization of chemical substances in cells was introduced by Paul Ehrlich, a physician with unusually solid grounding in anatomy and chemistry. He understood the chemical principles involved, as formulated earlier by Emil Fischer and Louis Pasteur, who used such terms as "lock and key" or "screw and nut" to illustrate the formfitting nature of complementary chemical binding. Much of Ehrlich's life's work consisted in applying and extending these principles to living systems. When he used a ligand that produced a recognizable optical effect, he was laying the groundwork for a large part of histochemistry and cytochemistry. Ehrlich was the first histologist to relate carefully the chemical structure and the charge of dye molecules to their capacities to bind to tissue components. Before 1880 he recognized that cationic dyes, such as methylene blue, bound preferentially to acidic polymer groups in tissues, and that, conversely, anionic dyes bound to cationic polymer groups. Thus he established the principle of specific binding, of recognition reactions, as histochemical and cytochemical tools, and, at the same time, recognized and established the principles of ion exchange resins. The localization of nucleic acids by cationic dyes and the recognition of cationic proteins by acidic dyes, as in eosinophilic granules, has been, over the century since Ehrlich's discovery, perhaps the most generally useful of all histochemical reactions. Whenever we stain a blood or bone marrow smear with Giemsa's or Wright's stain, we exploit this principle. We are justified in interpreting the significance of the staining pattern as localizing polymer acidic and basic groups, in accordance with principles recognized by Ehrlich over a century ago.
Ehrlich also recognized the antigen-antibody reaction as involving the principle of specific mutual binding by complementary chemical groups. Antibodies had been discovered earlier by Kitasato. Ehrlich contributed much to the elucidation of antigen-antibody reactions and the activation of the complement system. The application of antigen-antibody reaction principles for histochemical localization was developed mainly by Coons during the 1950s and 1960s, more than half a century after Ehrlich's conceptual pioneering.
It is worth reminding ourselves of the enormous utility of the principle of complementary chemical binding in histochemistry and cytochemistry. The use of S-1, HMM, or phalloidin for the recognition of actin filaments in situ, as first demonstrated by Ishikawa and his colleagues, is a good example.
It is France that gave us autoradiography. Becquerel discovered radioactivity, the Curies extended our knowledge of it, and Lacassagne and Leblond developed it as a tool for cytochemistry and cell physiology.
And so, good friends, as we look back over the ancient histochemical way, we recognize the qualifications of those who trod it successfully and we realize what we ourselves must do if we are to succeed in the future. We see illustrated again and again the interdisciplinary nature of histochemistry and its international roots.
The disciplines that participate with anatomy in comprising The study of the very far has many similarities to the study of the very small. The universe, like the cell, is neither random nor highly ordered like a crystal. Warren Weaver's term ordered complexity is appropriate for both. Understanding the behavior, that is, the physiology, of the cosmos and of the cell alike depends crucially on understanding structure. A scientist who seeks to describe movements in the cell or in the universe solely on the basis of diffusion will make serious mistakes. Understanding the distribution of matter within the universe and within the cell, and the characterization of the nature of the matter with respect to its distribution, are crucial for understanding the movements of matter and the flow of energy in both systems. Astronomers and histochemists alike depend heavily on electromagnetic and particle radiation to convey information about objects of interest that are difficult of direct access. Astronomers and histochemists both use optical systems with similar advantages and similar limitations. The localization of molecules and of free radicals in celestial space is similar to the localization of specific compounds in cells.
Microspectroscopy is a refinement of techniques much developed by astrophysicists. The principles of the two-wavelength method developed by Ornstein for quantitative cytochemistry have also been exploited by astronomers and radiation physicists. What about nuclear physics? Autoradiography as used by histochemists is now a well-developed application of principles and techniques derived from nuclear physics. Can one expect histochemical applications of quarks? Of chromodynamics? Of molecular orbital theory? Who knows? We cannot use knowledge of which we are ignorant. Before knowledge can be used, it must be understood. Histochemistry has been advanced in the past by persons who were masters of several disciplines. It will be advanced in the future by persons with similar broad understanding and originality. Histochemistry is not a field for intellectual weaklings.
For those who may quail at this perception of histochemistry, or who hesitate to master the several disciplines required for success in the field, let them take courage from some words of St. Paul, the Apostle, in his letter to the Hebrews (12:11): "Now no chastening for the present seemeth to be joyous, but grievous: nevertheless afterward it yieldeth the peaceable fruit of righteousness unto them which are exercised thereby."
